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Sedimentary records of the Lower Rhine in Germany and 
the apex of the Rhine Delta in the Netherlands provide an 
excellent archive for reconstructing the chronology and 
magnitudes of Holocene palaeofloods. The sedimentary 
product of floods that exceeded bankfull discharge are well 
preserved as individual layers in local floodplain 
depressions, such as abandoned channels (Toonen et al., 
2012a). 
 
From eight primary research locations holding sedimentary 
records that partially overlap in time, cores were retrieved 
to construct a 5000-year palaeoflood chronology of the 
Lower Rhine. Flood magnitudes were reconstructed, based 
on ~3000 grain size analyses of individual flood layers. End 
member statistics were used to characterize the coarsest 
tail of grain size distributions, which is indicative for large 
discharges; comparison of grain-size based discharge 
reconstructions with truly measured discharges of the last 
centuries confirms the suitability of sedimentary archives 
(and the end member modeling approach) for palaeoflood 
magnitude reconstructions (Toonen et al., 2012b).    
 
For each research location high-resolution age-depth 
models were constructed. Based on radiocarbon dating, 
palynological information, pollution (XRF-data), and 
palaeosecular variation initial age models were produced. 
Historical records of major flooding events (back to AD 
1350) were used to refine the chronologies, exploiting the 
property of the largest flood events to have a well-notable 
imprint in sedimentary records throughout the delta 
recording that year (event-chronostratigraphy). Lastly, 
facies characteristics such as mean grain size and organic 
matter content were used in age-depth interpolations 
between tie-point ages, consistent with accumulations 
rates that vary with sedimentary change (Minderhoud et al., 
in prep.). For cores overlapping with historical records, our 
age-modelling of flood-layer registration resolves moderate 
to large flooding events on an annual resolution, in the 
millennia before a decadal accuracy is achieved.   
 
To construct a flood chronology using a spatio-temporal 
network of cross-correlated, overlapping sites has several 
major advantages. First, sedimentation rates vary 
depending on the proximity of the infilling channel to the 
(at that time) active channel, so individual locations have 
recorded several centuries to millennia, which allows 
combination of records with a large temporal coverage at a 
single site with more detailed intervals, in which an annual 
resolution is achieved - with higher details on palaeoflood 
magnitudes, and a better registration of moderate floods. 

Second, it enables cross-validation of events by filtering 
local phenomena that influence local deposition, such as 
ice jams and crevassing. Third, it improves dating accuracy: 
event cross-correlation (see above). Fourth, it gives valuable 
insights in the variability and uncertainty of flood 
magnitude reconstructions. Fifth, insights can be gained on 
the downstream propagation of flood pulses. Sixth, robust 
empirical relations between the coarseness of deposited 
grains and measured discharges from the last centuries can 
be projected to older parts of the sedimentary record and 
to overlapping series from other locations (allowing to 
project further back in time). And last, it improves the 
completeness of flood chronologies as local channel 
configurations (e.g., cut-offs) may experience periods of 
poor registration at a single location, but are well-recorded 
at alternative locations.        
 
In addition to the network of core locations holding 
multiple centuries of registration of passing events, records 
with more incidental and fragmented registration of 
flooding events can be used. Such indications are mainly 
spin-off from geo-archaeological and palaeoenvironmental 
studies in a fluvial context. An example are individual clay 
layers in distal organic channel fills that only registered the 
very largest events, are suitable to verify the timing of 
extremes in the more complete flood inventories obtained 
from main sites in the network. Other useful secondary 
information comes from flood deposits associated with 
anthropogenic instability (rebuilding, reconfiguration or 
abandonment), local dating of channel relocations (cut-offs, 
avulsions), and regional integration of such datings (e.g., 
meta-analysis of radiocarbon databases; Macklin et al., 
2012) - both presumably connected with larger floods. 
More traditional palaeoflood studies that depend on 
hydrological modeling for cases for which palaeostage 
indicators are available (Benito et al., 2003; Toonen et al., in 
press) are integrated too.          
 
The availability of a semi-continuous flood record over the 
last 5000 years, with a high-resolution (also on moderate 
events), allows comparison with regional trends in flood 
intensities and regionally reconstructed extreme events 
(also outside the Rhine catchment; Macklin et al., 2006), and 
existing design standards for flood protection. Extended 
palaeoflood chronologies give important insights in the 
validity of current flood frequency analysis on modern 
measurement data series, which probably have a poor 
representation of extremes, as these cover only one 
century. Moreover, our flood chronology serves as 
important input for research on non-stationary behavior of 
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flooding regimes (changing recurrence probabilities over 
time), and cycles of intensified flooding can be tied to 
possible forcings, such as changes in climate and land use.      
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